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Hadronic Jets as investigation tool of soft QCD states

Jet event in a hot
QCD medium

Bulk (soft) QCD particle production:

- low-Q?, long range strong processes, well described
by hydro-/thermo-dynamical models;

- ~90% of all final state particles are from vacuum !

Jet (hard) QCD particle production :

- from partonic hard scattering (primarily gluons);

- high-Q? processes with calculable cross section
(a5(Q?)<<1) produced early (t<1fm);

- Interact strongly with the bulk QGP: loose energy via
gluon radiation = jet quenching and broadening

Observed via:
- leading (high p+) hadron spectra;
- two-particle azimuthal correlations.
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Quenching and Broadening of Hadronic Jets in QGP
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mean free path A > 1/u .. range of screened gluon interaction

Energy loss through gluon radiation:
reduction of fast parton energy
(high p; suppression)
in many low energy
(low p; enhancement)
and large angle gluons
(jet transverse momentum k; broadening).
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Probe Calibration — Jets in pp and p(d)A collisions

* All hot nuclear (QGP) effects are established with respect to vacuum (pp
collision) effects and cold nuclear (p(d)A collisions) effects:

RAA(pT) = d°N AA/dedU pp cross section!

T.d%™ /dp.dr

K an = K Ve + KD s g + K Ve e

p(d)+A > A+A

p+p

Cold nuclear effects are generated by initial state effects like the Cronin
effect and gluon saturation effects which could produce similar effects as the
final state effects (energy loss) in the hot nuclear matter.
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Hadronic Jet Quenching at High p; — R,, measurements
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e Strong suppression in central AuAu hadron spectra at high pT

 Cronin effect in dAu hadron spectra at high pT

» Jet suppression at high p; is clearly a final state effect (gluon radiation)
» Jet enhancement at low p; and jet broadening are to be studied via the two-particle

A angular correlation method
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Two-Hadron Azimuthal Correlations in pp and pA collisions

* The basic distribution is 1/N;, *dn; , 4es0c/ AAP

* |tis described by a flat combinatorial background and two Gaussians:
the near-side (around A@~0, with =0 being the high p trigger) —
vacuum jet fragmentation, and the away-side (around A@~n) —
vacuum (pp case) and Cronin (pA case) k; jet broadening

£ 4 dtAUT®hH 4 d+Aum®h*

two-hadron correlations
triggered on a t* with
Pruigge>0GeV/c in dAu:

Gaussian Shape
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(k;) and conditional yields in pp and dAu collisions

* Away-side k; broadening is similar for pp and dAu collisions

* Away-side conditional yield (number of associated hadrons per trigger
pion) follows the typical vacuum fragmentation function
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ZYAM subtracted pairs per trigger: 1/N* dN*®(di-jet)/d( A )
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Two-Hadron Azimuthal Correlations in AuAu collisions

AUHAU gy = 200 GeV; 1<, <2.5<¢,, <4 GeVic 1 * AuAu: a source of correlated
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Away-side broadening and enhancement in AuAu collisions

* Away-side conditional yield is enhanced (red, left panel) with centrality
* Away-side RMS broadens (red-points, right panel) with centrality
* This happens for Iow pr (Prassoc™1-9GEV/C, pryiga~3GeVicC)

L L L B L L S I L LR LI
0.35 L (a) AutAu : filled (b) 1 <p,ff <2.5GeV/e E 2 .
< - d+Au (0-20%) : open 2.5 <p’;<4 GeV/e 418 ©
Z 03f —s— near side 116 G
:'?"1? . —-=- away side ] o
L 0.25F ; 1.4 '§
"l . 31.2 o)
L o02f i i C ' L B P
. N . __
= & ] O
.% 0.15 " A * —50.8 ;T
= 01y e # J06 T
X ‘ l04 =
N 0.0 4 ¢ ¢ * ¢ ] 0
40.2 =
] Y
O AN T N T T T TN TN S M N N N OO AR TR T NI (NN TN N N N NN S AN O
0 100 200 300 400 100 200 300 400
/‘\ <N > <N >
PAI part part ~—
g UNCLASSIFIED PH-“ENIX

ES5T.1943
The World’s Greatest Science Protecting America 7 Feb 2005 9/10



1/Nppgger AN/A(AG)

UNCLASSIFIED

STAR — away-side suppression at high p; in AuAu
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Current efforts in AuAu two-particle correlation analysis

()

* A new AuAu data set with ~13 times more statistics is being analyzed
now; this will allow significant improvements of the existing results:
— higher statistical significance;

— higher transverse momentum reach: where does the transition from
suppression to enhancement happens?

* New types of two-particle correlations:

— correlations of mid-rapidity trigger hadrons (n°) with high-rapidity
associated hadrons (u* from hadron decays in the muon arms) to
establish the x-dependence of these effects - initial state gluon
saturation effects;

— Correlations of trigger dileptons (mid-rapidity e*e- and high-rapidity p*u)
with associated hadrons for detailed jet shape studies.

* Posibility to pursue this physics at the next heavy ion collider (the
LHC at CERN) with the CMS detector.
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Current efforts in AuAu two-particle correlation analysis

(I1)

* Higher rapidity means lower x, x=p/\s:(e*+e™), and at low enough x
gluon saturation effects become significant. Gluon fusion becomes
the dominant elementary process and two-particle correlations should
make the transition from a di-jet shape to a mono-jet shape.

e Dilepton (virtual photon) tagged jets have several advantages, the
main ones being:
— there is no correlated background (photons don’t couple to flowing QGP);
— the initial 4-momentum of the jet is directly measured by measuring the
photon (dilepton pair);
— however, this is a low cross section process
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